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Impedance, Ohms

Capacitor RLC Model vs. Measured S-Parameter (Magnitude)
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» How to perform a modified 2-port shunt through
measurement technique for high fidelity data

» Why different simulation models are needed for SPICE
and EM simulators

» How an optimizer can help create the high fidelity
models from the measurements
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2-Port Shunt Set-up

Calibrate

I

Response (Open) |

Response (Short) |

Response (Thru) |
PEEE——M
Enhanced
Response

1-Port Cal »

2-Port Cal b

Adapter Removal |

Impedance

Impedance
Calibration

Open
Open

Short
Short

Load
Load

Low-Loss C
(optional)

Done

Cancel >

Return

Calibration

Return

Copyright © 2019 Keysight Technologies, Picotest.com, and Xilinx




Touchstone S-Parameter file

# Hz Z RI R 50

[Number of Ports] 1

[Number Of Frequencies] 201
[Network Data]

lfreg ReZll Imz11
1000.00 0.121123 -1.537176
1047.128548 0.111947 -1.468758
1096.478196 0.104285 -1.403602
1148.153621 0.097308 -1.341032
1202.264435 0.090883 -1.280776
1258.925412 0.085359 -1.224046
1318.256739 0.079624 -1.169881
1380.384265 0.075118 -1.117441
1445.439771 0.070178 -1.067565
1513.561248 0.066014 -1.020212
P|COTEST 1584.893192 0.061078 -0.974788
; 1659.586907 0.058686 -0.930364
£DS 6E-1
Cap_Z
“ O -
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o . Y IR T File=6TPE330MIL.ts
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Mounting Inductance Measured with Short to Ground
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1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/&nalysis 5 Instr State

coton |40
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20, 00m

10. 00m
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5. 000m
3. 000m
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1. 000m AT

100.00000 kHz 222.89 md
3.0754049 MmHz | 10.126 mo H
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1
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Mount included
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i

T
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|1 Start 100 kHz
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Stop 3 GHz |EEETRNRL Kol
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Anchor values

Var
Egn

VAR
VAR
L_tot=0.475 {t}
C_tot=0.984 {t}
Fr=6300000 {t}
ESR=16.01 {t}

Ceramic Capacitor

Measurement

&d

Tune Model
For Anchor Points

ca tune
|_AC l
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cap tune

Tune Parameters
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ADS

Measured Impedance, Ohms

Anchor values
VAR
VAR9
L_tot=1.76 {t}
C_tot=330 {t}
F_break=11520 {t}
R_break=42 {t}

Default values and tuning
VAR
VARG
C1=K1*1E9/(8.89*F_break*R_break)
R2=K2*R_res
L2=K3*5E15/(39.5*F_res*F_res*C_tot)
C3=K4*1E9/(15*F_res*R2)

F_res=600000 {t} R4=K5*R_res
R_res=12 {t} R3=K6*R_res
5E1
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1E1—
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SRC2
1— lac=polar(1,0) A
Freg=freq
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Meas| MeasEqn

Egn
Before Optimization cap_err After Optimization
: cap_err=mag(cap_meas)-mag(cap_sim) .
Shaping values
Ping cap_meas=cap_s21*25/(1-cap_s21) Shaping values
Var'| VAR gan | VAR
VAR12 VAR11
AL
K1=1 {t} {0} ILI ‘é% ‘ OPTIM I K1=1.00876 {t} {0}
K2=1 {t} {0} ggﬁlmeoan Optim K2=0.837194 {t} {0}
K3=1 {t} {o} Expr="cap_err Optim1 K3=0.41982 {t} {o}
K4=1 {t} {o} SimInstanceName="AC1" K)Aptlll’:ITyp(?aggndom K4=2.09546 {t} {0}
= Weight=1 axiters= =
K5_1 {t{o} Lir?qlgName[ﬂ:"limin" UseAllOptVars=yes K5_1 26776 {t} {o}
K6=1 {t} {0} LimitType[1]="EqualTo" UseAllGoals=yes K6=0.409425 {t} {0}
LimitMin[1]=0 GoalName[1]=
LimitMax[1]=0 SaveAllTrials=no
| & Optimization Cockpit - [m] ®
" Satis v el OP TIMIZER
Smulate ﬁ) R:ndum _ ' Edit algorithm. ..
——
Revert | ror
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LIS

R1
; R=R1 mOhm

T [1_AC
SRCH1
<+> lac=polar(1,0) A

Freqg=freq

cap _sim

[ C
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I W
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"R
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OPTIMIZER DETERMINED COMPONENT VALUES

C1_val C2_val C3_val L1_val L2_val R1_val R2_val R3_val R4_val
234.522 95.478 23.176 1.760 0.447 30.000 10.046 4.913 18.813
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Inductors and Ferrite Beads

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State ) Resize
PR 1Z|(Port 1-2 shunt) Top 225.0 0 / Bottom 5.000 mQ [RT]

System

225.0 1]
1470059000 HE (XF.20T oma | (] T TTTTIT 7 [ T 1|

Print
100.0
70.00
50.00
30.00
20.00

10.00
7.000
5. 000
3.000
2.000

1.000
700. 0m
500. Om
300. Om
200. Om

100. 0Om
70.00m
50. 00m
30. 00m
20, 00m

10. O0m
7.000m
5.000m

T1MQ20dB/R 1M Q 20 dB eas 2016-08-15 14:18
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Measurement Range
(Maximum S21=0.9)

5‘21 — 2 ) ZDUT ADE 5E3 —_—
1E3—
Maximum Z,;
7 Zref + Rs S21
= 1E2—
but 2 1—S21
(Vs
_g 1E1— 100dB
@)
Increasing RS i
O
c 1
s 1007 g
0.98— / 8_
0.96— _
o 0% o E e Minimum Z
'g 0.92— / DuT
S "7 /Rs=200
bp 088 1E-2—
© 0.86—_
> RS=450 -
(F\Iio_gz—_ / IIII|I|I||IIII|II|I|III||IIII|IIII|III||IIII|IIII
9 s i | 0 100 200 300 400 500 600 700 800 900 1000
1E2 1E3 1E4 1ES
Rdut RS
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R4 iR‘S
R=RS

R=RS

. _ Zreg + Ry S21
bur — 2 1—S21

2 'ZDUT
2 ‘ ZDUT + Zref + RS

— ﬂﬂ

S21 =

5mQ 1.125kQ

10 mQ 2.25kQ
11mQ 2.48kQ
20 mQ 4.5kQ

Term

Term?2
Num=2
Z=50 Ohm

Measurement Range

1 Active ChyTrace 2 Response’ 3 Stimblus* 4 Mia/Analysis* 5 Instr State

[P@# Iz (Port 1-2 shunt) Top 3.000 kR / Bottom 10.00 mQ [RT D&M]

2 port shunt limit RS=4990

1. 000k

500.0

300.0

700.0 v

e
r'.l b
/

X

2 port shunt limit RS=0Q

N

200.0

100.0
70.00
50.00
30.00
20.00

10.00
7.000
5.000
3.000
2.000

1.000
700.0m
500.0m
300. Om =3
200.0m i

100, Om

70.00m

50. 00m

30.00m L
20. 00m ——r

\

b

.4

10. 00m
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RS=499Q) -
2 0603 Tee!

™

HO2692ASDEY

Ri_‘H R2 y

L VAT VUV Y

0.1 uF Ceramic Capacitor

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State ) Resize
|} 521 Lin Mag Top 6.110 ku / Bottom 2.100 mu [RT Equ] Sweep Setup
6.110k
4

oook |41 100.00000 Hz — 1.3843 ku N I [ I I A I ] 1 K
. =2 | 100.00000 kHz 2.3644 U I EEERY | | R | | [ oI Power
3 | 6.5324253 MHz 8.4437 mu

| 1.0000000 GHz 6.7368 U |

]

. D00k
1.000k
700.0
400.0

200.0

100.0
70.00
50.00
30.00
20.00

10.00
7.000

4,000

Measured Impedance, Ohms

A |

BV 30 He ..
TIMQ20dB/R1MQ 20 dB Meas 2016-08-07 13:49
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» How to perform a modified 2-port shunt through measurement technique for high
fidelity data

» Why different simulation models are needed for SPICE and EM simulators

» How an optimizer can help create the high fidelity models from the measurements
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